Sustainability, Agri, Food and Environmental Research, (ISSN: 0719-3726), 6(1), 2018: 28-44 http://dx.doi.org/10.7770/safer-V6N1-art1330 29 RESUMEN El objetivo de este estudio fue evaluar el efecto de la colonización de hongos micorrízicos arbusculares en la producción de metabolitos secundarios en Petroselinum crispum, Salvia officinalis y Dysphania ambrosioides. Se establecieron tres tratamientos: control (C), inóculo comercial (CI) e inóculo nativo (NI). Cada 15 días se midieron la altura, el diámetro del tallo y el número de hojas. El porcentaje de colonización se evaluó mediante tinción de raíces e identificación de flavonoides mediante cromatografía en capa fina de TLC, finalmente se evaluó la concentración de fenoles totales mediante espectrofotometría a partir de los extractos de etanol de cada planta. Los resultados del desarrollo de biomasa y el porcentaje de colonización muestran una diferencia estadísticamente significativa para las tres variables evaluadas (P≤0.05) de cada cultivo en el tratamiento de NI con respecto al control, mostrando un mayor efecto sobre las plantas de S. officinalis (51 % y 91%, respectivamente). La cromatografía revela la presencia de flavonoides en las tres plantas; sin embargo, esto es más intenso para el tratamiento de NI, mostrando un aumento en la producción de fenoles totales en S. officinalis. Finalmente, la caracterización química del sustrato muestra una mayor asimilación de nitrógeno y fósforo (0.11% y 0.35 mg / kg respectivamente) en S. officinalis asociado con un inóculo nativo (NI).
INTRODUCTION
The Arbuscular Mycorrhizal Fungi (AMF) are obligate symbionts, which form mutual associations with most agricultural crops of interest, increasing the amount of nutrients absorbed by the plant, especially phosphorus (P), copper (Cu) and zinc (Zn), they are considered as biological resource because they generate environmental benefits by improving the physicochemical and biological soil conditions (Aguilera et al. 2008 ). Also they can induce the production of phenolic compounds and plant alkaloids, they play a positive role on them (Mera et al. 2009; Zeng et al. 2013) . Currently, the AMF have been reported to contribute to the growth of the host plant and the synthesis of secondary metabolites in some aromatic plants (Zubek et al. 2009 ).
Aromatic plants are those plants that have active ingredients with a pharmacological action for health (Harborne 1998 , Manach et al. 2005 regions, with more than 1100 mm annual rainfall. During the experimental period the temperature of the greenhouse was maintained to 28°C, The air relative humidity was maintained at 60-65%. with the objective of evaluating the effect of the application of two AMF inoculum (native and commercial) on the development of aromatic plants of Salvia officinalis, Petroselium crispum and Dysphania ambrosioides, as well as the production of secondary metabolites.
Characterization of native inoculum: the native inoculum is obtained from an organic coffee plantation where the varieties of Arabic coffee and bourbon are sown; this is located in the municipality of Cintalapa, Chiapas, México. The geographic location was latitude 16° 40' 06" north and longitude 93° 38' 40", with more than 1018 mm annual rainfall. In the case of soil, he proceeded to take five samples of the plot at a depth of 30 cm. (Bennamoun et al. 2016) . The characterization of the inoculum allows obtaining the number of spores of AMF g -1 rhizosphere soil. The spores were extracted and isolated according to Gerdemann and Nicholson (1963) . This technique is used for sieving the coarse particles of the soil and retaining AMF spores and organic particles on sieves of different sizes. 50 g of soil was mixed with 500ml of water in the 1000 ml conical flask. The soil mixture was agitated vigorously to free the AMF spores from soil and allowed to settle for 5-10 minutes and the supernatant was decanted through sieves of 150 and 350 µm. Later, they were performed and mounted in lactoglycerol polyvinyl (PVLG) for identification under microscope (Schen et al. 1990 , Méndez et al. 2011 ).
Establishment of plants and mycorrhizal inoculation: the plants S. officinalis, P.
crispum and D. ambrosioides were propagated in germination trays with sand. One month after seeding were transplanted and inoculated for the three species, three different treatments, one consisting of 1g of commercial inoculum (CI), other by 10g native inoculum (NI) and the last, control group (C), without any inoculum. Ten replicates were used for each treatment. The substrate used consisted of a sterilized soil in autoclaved at 15 lb of pressure at 120 °C for 60 minutes (Karagiannidis et al. 2011a (Karagiannidis et al. , 2011b . The application of mycorrhizal inoculants was performed at a dose of 1 g of IC and 10 g of NI, it was because the CI contains up to 70 spores g -1 of inoculum of Glomus, while the NI containing 7 spores g -1 of rhizosphere soil of Glomus and Acaulospora. The treatments were established in the greenhouse, during the experimental period the temperature of the greenhouse was maintained to 28°C, the air relative humidity was maintained at 60-65% and irrigation was performed with drinking water. Sustainability, Agri, Food and Environmental Research, weeks, a destructive sampling was performed to determine the dry weight of foliage.
For the percentage of mycorrhizal colonization, of roots they were rinsed with KOH and H2O2, and stained with trypan blue lactoglycerol (Phillips et al. 1970) . The record of the frequency of root segments with mycorrhizal structures was observed with a compound 5). After, the stationary phase plates silica gel 60 F254 10X20 cm aluminum base (Merck) were placed in the chamber. The standards of metabolite: developer reagent (flavonoids: quercetin: Reagent citrobórico) were used. Thus, the components were eluded during 20 minutes and were observed through a UV chamber, 245-365 nm (Chromato-Vue® C-75). Technique that allows the preliminary identification of a substance, based on differences in polarity of each of the elements present in an extract (Patra et al. 2013) . The flavonoids, having in its structure different substituents have multiple polarities (Formica et al. 1995) ; the quantitative analysis was done using Sustainability, Agri, Food and Environmental Research, 
RESULTS AND DISCUSSION
In native inoculum 7 spores of genus Glomus and Acaulospora g -1 of soil were found (Figure 1 ), which correspond to the species Glomus clarum, Acaulospora excavata, A. aff. bireticulata, A. alpina y A. foveata. Because the commercial inoculum has 70 spores g-1 attributable the genus Glomus, also identified in the native inoculum, an adjustment was made in the inoculum concentration to apply, so that 10g NI is applied, while for the treatments evaluated with commercial inoculum was added 1g.
Agronomic variables measured showed statistically significant differences (p <0.05) in the treatments evaluated. NI provided the highest values of biomass in the three crops (51% for S. officinalis, P. crispum 36% and 22% D. ambrosioides) ( Table   1 ). The results were observed comparing treatments in terms biomass of each crop (Figure 2 ).
In the percentage of colonization in roots, structures such as vesicles, hyphae and arbuscules in NI and CI treatments were observed (Figure 3 ), compared to the control (uninoculated treatment). Statistically significant difference for the three treatments was observed in each crop. In Table 1 For quantitative analysis of secondary metabolites present in the methanol extracts, the total phenolic concentration was evaluated by the colorimetric method of Folin-Ciocalteu using gallic acid as standard. Comparing the control of each extract with treatment of NI, it shows that there is a statistically significant difference.
However there is no significant difference when comparing treatments of NI with respect to CI for D. ambrosioides but there are significant statistical difference between NI treatments with respect to CI in P. crispum and S. officinalis. For treatments of CI with respect to control, there is no significant statistical difference in any of the evaluated extracts. Is worth mentioning that the plant with the highest concentration of total phenols was S. officinalis, the above can be seen in Table 2 .
When evaluating the assimilation of nutrients especially N and P, it is observed that there is greater assimilation by treatments that include arbuscular mycorrhizal fungi (Table 3) . However, N and P assimilation was more evident in native inoculums, as observed in Salvia officinalis with an assimilation of 50% reducing from 0.22% of total nitrogen to 0.11% and for phosphorus decreased from 0.68 to 0.35mg/Kg.
During experimental development, spores of the genus Glomus and Acaulospora
were identified in the NI and CI, these spores were highly effective in root colonization as demonstrated in the evaluations, however the NI was more eficient so that 91% of colonization was observed for S. officinalis, 89% for P. crispum and 85% for D.
ambrosioides, proving to be more efficient because the genera identified have been et al. 2011) . According Rajan et al. (2000) , the hyphae extramatricales produced by AMF's activity as extensions of roots and increased root system surface, make more efficient uptake of water and nutrients diffusion limited and this effect more pronounced in the absorption of P in deficient soils that item, as shown in Table 3 with the phosphorus absorption values reflected in the decrease in phosphorus in the substrate of the three evaluated plants. Sustainability, Agri, Food and Environmental Research, (ISSN: 0719-3726), 6(1), 2018: 28-44 http://dx.doi.org/10.7770/safer-V6N1-art1330 38 In the present investigation it has shown that the benefit AMF increase in the concentration of these secondary metabolites in plants, this also proven by Toussaint Recognizing the effects of AMF on the biochemical pathways of the host plant could benefit the pharmaceutical industry; developing varieties of plants with improved growth and increased levels of active compounds (Zubek et al. 2009 ).
This investigation showed that the AMF benefits the increase in the concentration of these secondary metabolites in plants; it also tested by Toussaint et al. 
